Background: Stillbirth rates in Afghanistan have declined little in the past decade
| INTRODUC TI ON
A major challenge for stillbirth prevention in low-and middle-income countries (LMIC), where the largest burden lies, is the lack of adequate data to identify and quantify major risk factors at the national level. 1 Existing studies have been predominantly with women who have had contact with the formal health care system, 2 and while prospective, population-based studies such as those from demographic surveillance sites in LMICs are increasing, 3, 4 there are no nationallevel data for many countries. 1 This lack of data on country-specific risk factors makes it challenging to direct attention to stillbirth at a national level and for countries to prioritise programmatic and policy areas for action to reduce stillbirths.
In 2009, Afghanistan was among the top ten nations accounting for almost two-thirds of the global stillbirth burden, and by 2015, little improvement was observed. 5, 6 The annual reduction in stillbirths between 2000 and 2015 in Afghanistan was only 1.9%. 6 The stillbirth rate remains high at 27 per 1000 births-six times that of high-income settings, yet there are no published studies to understand stillbirths in this context. Stillbirths have not been a public health priority in Afghanistan partly because of the absence of evidence on the major factors contributing to these deaths. The UN's 2016 Global Strategy for Women's, Children's and Adolescent's Health now includes reduction in the stillbirth rate as a core indicator, and the 2014 Every Newborn Action Plan set the first-ever targets to reduce stillbirths to 12 per 1000 births by 2030 which was endorsed by 190 countries, including Afghanistan. 7 It is therefore both timely and crucial to investigate stillbirths in this high-burden country.
The 2010 Afghanistan Mortality Survey (AMS) was a modified, special Demographic and Health Survey (DHS) and one of a few nationally representative surveys conducted in a LMIC in the last 10 years that collected health service utilisation data for stillbirths and also included a verbal autopsy. 8 The country's unique and diverse socio-cultural, linguistic, and geographical characteristics in addition to the current complex humanitarian situation make the need for context-specific data imperative (Box 1). The objective of this study was to identify key maternal, obstetric, and health care utilisation factors associated with stillbirth in Afghanistan, and to demonstrate the potential of a modified DHS to provide country-specific evidence on risk factors for stillbirth if applied in other LMICs.
| ME THODS

| Data sources
Data for this analysis are from the 2010 Afghanistan Mortality Survey. 9 This was the country's first nationally representative household survey and currently the only national, population-based survey that collected women's health service utilisation for stillbirth.
The survey adopted a two-stage sampling design based on the 2011
Population and Housing Census preparatory frame from the Central Statistics Organisation. The design produced a sample representative at the country level for rural and urban areas, and for the North, Central, and South geographical domains that are regroupings of eight geographical regions ( Figure 1 ). The rural areas of Kandahar, Helmand, and Zabul provinces in the South were not surveyed for security reasons. Overall, the survey covered 87% of the population; the 13% not surveyed belonged mostly to the South zone. 9 We used data from three questionnaires in the AMS, the household, women's, and verbal autopsy (VA) questionnaires, based on the DHS model questionnaires developed by the DHS programme and adapted for Afghanistan. The women's questionnaire collected information from ever-married women aged 12-49 years including background characteristics and a complete pregnancy history which captured all pregnancies and their outcomes in a woman's lifetime.
Among women who gave birth in the preceding 5 years, the women's questionnaires captured maternal health care utilisation including antenatal, delivery, and postnatal care for the mother's last live birth or stillbirth. The VA questionnaire was completed for each death that occurred in the preceding 3 years.
In total, 22 351 households were interviewed, which included 47 848 women aged 12-49 years, yielding a response of 98%. We limited our analysis to all women's births within the last three years, giving a base of 17 215 births. We merged data from the VA with the women's and household data so that selected variables not available in the pregnancy histories for stillbirths could be included (fetal sex, multiple pregnancy, and timing of the stillbirth). We further restricted our sample to mothers' most recent birth, giving a sample of 13 844 women/births (13 528 live births and 316 stillbirths), and then corrected any misclassification between miscarriages, stillbirths, or early neonatal deaths using the VA data. This gave a final sample of 13 834 births (13 523 live births and 311 stillbirths).
Details on this procedure are available in the Appendix S1.
| Study variables
| Dependent variable: pregnancy outcome
Our main outcome variable was pregnancy outcome for the mothers' most recent pregnancy and was coded as stillbirth or live birth (see Appendix S1 for detail). We used the definition of stillbirth to be a late fetal death at ≥28 weeks' gestation as recommended by the WHO for international comparisons. The 2010 AMS recorded gestational age in months so we used seven months or more as our cutoff. We defined intrapartum stillbirths as those stillbirths where the mother reported no signs of skin maceration based on the VA data.
| Independent variables and analytical framework
We included individual, household, and community-level explanatory variables based on those identified in the literature as having an important effect on stillbirth, and availability in the 2010 AMS data set 1,10 (see Appendix S1). To guide the analysis, we developed an analytical framework by adapting existing frameworks. 11, 12 This framework mapped explanatory variables according to proximity to the outcome as distal, intermediate, and proximal determinants ( Figure S2 ) and represented three defined time periods-pre-conception, pregnancy, and childbirth.
| Statistical analysis
All analyses were performed using Stata/SE version 14.2. For the binary outcome, stillbirth, we used Poisson regression models with a log link function to estimate relative risks. All models were weighted using sample weights to account for the complex survey design, and adjusted standard errors were used to obtain Wald test P-values and 95% confidence intervals.
We fitted univariable models and built three multivariable regression models to examine the association between stillbirth and the explanatory variables. We applied a sequential approach 13 based on the three stages of pregnancy ( Figure S2 ): model 1 included variables from the pre-conception period (community-level, socioeconomic, environmental, and maternal factors); model 2 included factors related to the pregnancy period (antenatal care and pregnancy complications), having adjusted for the variables from stage 1; and model 3 included factors related to the delivery period (complications during the delivery period and delivery care), having adjusted for the variables from the first two stages. In the first model, no P-value criterion was used for including variables, but for subsequent models (model 2 and model 3), only variables with P ≥ 0.20 from the previous model were included into the next stage. Wealth, maternal age and education, fetal sex, and multiple gestation were considered important factors and were retained in the models regardless of their P-values. All other variables were removed one at time, starting with the highest P-value, until only those who had P ≤ 0.05 remained. Multi-collinearity was checked using variance inflation factors. Area under the curve (AUC) and calibration plots were used to assess model performance. We used the same model building approach for identifying independent risk factors for intrapartum stillbirth.
| RE SULTS
We included 13 834 births, of which 311 were stillbirths and 13 523
were live births (23 stillbirths per 1000 total births; About 1% of women in the pregnancy and delivery periods reported reduced fetal movements (Table S2) .
Disparities in stillbirth rates across the eight geographical regions were high, ranging from 13 per 1000 births in the Northern regions to over 40 per 1000 births in the Central Highlands (Table 1 ).
In the univariate analysis, region of residence, ethnicity, and maternal age were strongly associated with stillbirth, but wealth quintile and education were not. First and higher order pregnancies, multiple gestation, previous pregnancy loss, and not receiving ANC were all associated with stillbirth (Table 1) . 
the risk of stillbirth, except that the effect of reduced or no fetal movement as a pregnancy complication was reduced. This is likely due to the inclusion of reduced or no fetal movement as a delivery complication in the final model, which was now the factor with the highest relative risk, increasing stillbirth risk by nearly seven times.
Across all models, Nuristani women consistently had a higher risk of stillbirth with at least nine times higher risk of stillbirth than the Tajik population. There was no difference in stillbirth across wealth quintiles or levels of maternal education or age after accounting for all other factors. Models were well calibrated (Figures S5) and discrimination improved from model 1 to model 3 (see AUC in Table 2 ).
The sub-group analysis on intrapartum stillbirth showed that being of Nuristani or Pashai ethnicity, nulliparous women, multiple pregnancies, receiving no or low-quality ANC, or experiencing possible infection or headache during pregnancy increased the risk of stillbirth. Reduced or no fetal movement during the delivery period was also a strong predictor, whereas reduced or no fetal movement as a pregnancy complication and giving birth in health facility were no longer associated with intrapartum stillbirth once other factors were taken into account (Table 3, Figure S6 ).
We examined health care access disaggregated by ethnicity and region of residence to understand the disparities in stillbirth observed in access between different ethnic groups and geographical regions (Table S3, These variables were not included in the multivariable analyses. ANC variables not included due to multi-collinearity with quality of ANC. Delivery assistant was not included due to collinearity with place of delivery. Mode of delivery not included as these are procedures might have occurred after the outcome. Severe bleeding during labour was not included as it was unknown if this was pre-or post-partum haemorrhage and may have occurred after the outcome. d Includes first pregnancies. e Skilled/trained provider refers to doctor, nurse, or midwife. f Unskilled/untrained provider refers to traditional birth attendant (TBA), community health worker (CHW), relative, or friend. g Reference category are those who did not receive the intervention. h ANC quality score calculated by number of components received out of a total of 9 components (1-weight taken, 2-blood pressure taken, 3-blood sample taken, 4-urine sample taken, 5-informed signs of pregnancy complications, 6-informed where to seek care for complications, 7-received 2 + tetanus injections, 8-received iron/folic acid, and 9-received anti-helminths). i Probable hypertension was based on mother's report of convulsions/fits/shaking/eclampsia/pre-eclampsia and/or swelling/oedema. j Probable infection was based on mother's report of high fever and/or foul-smelling vaginal discharge. Nuristani people are a minority group that reside predominantly in the Eastern part of Afghanistan (Nuristan province), and the low levels of health care utilisation may explain the extremely high rates of stillbirth. The 2015 Afghanistan DHS also found only 1% of births in Nuristan province were in a health facility, and this province had the lowest levels of ANC utilisation across the country (11%).
| COMMENT
| Principal findings
TA B L E 1 (Continued)
Exacerbating the situation is that the East is a high-intensity conflict zone and one of the poorest regions in the country. For intrapartum stillbirths, both Nuristani and Pashai women had higher risk of stillbirth. Pashai women also reside in the East, where high levels of conflict could have compromised access and quality of health services.
The 2010 AMS did not report mortality rates according to province or ethnicity; however, the 2015 DHS reported provincial-level mortality rates which showed that Nuristan province had the highest infant and under-five child mortality rates nation-wide (123 and 170 per 1000 live births, respectively, compared to 45 and 55 per 1000 live births nationally). 16 The high stillbirth rates in this group appear to reflect the pattern in regional disparities in other mortality rates.
Geographical disparities underlie maternal and child mortality, morbidity, and health care-seeking in Afghanistan. 17 The high rates The diverse geographical terrain with concentrated ethnic groups in specific regions, combined with insecurity, will require tailored approaches to reach these hard-to-reach, high-risk women. Tappis et al 18 in their study examining coverage of intrapartum care in selected areas of Afghanistan also identified the importance of context-specific service delivery models to ensure women in high-conflict areas can access services. A major barrier to ensuring facility deliveries in some parts of the country was the inability to travel at night along major roads because of insecurity. Delivering health services to remote and mountainous areas is challenging especially in the context of insecurity, but strategies which strengthen the role of local community health workers and task shifting can be effective. A revised primary health care service delivery model, currently under development by the Ministry of Public Health, may provide an opportunity to integrate alternative approaches to facilitate reductions in stillbirth.
Mothers who did not receive ANC were three times more likely to experience stillbirth, and while quality did not appear to make a difference for all stillbirths, it did matter for intrapartum stillbirths.
This suggests having any ANC is important for preventing stillbirths, but that quality and content of care may be critical for identifying and managing maternal conditions early that could lead to childbirth complications and intrapartum stillbirth. Overall, ANC utilisation was very low, and we measured quality according to whether the mother received any of the nine checks, not necessarily, the adequacy of the service or the initiation of treatment. Our measurement method may partly explain the absence of an overall effect of quality of ANC for stillbirths. These downstream factors are important to consider when assessing the effectiveness of ANC on stillbirth. 19 Further investigation is needed to examine the quality of care provided and adherence to recommended advice among women. Our analysis showed that areas that achieved higher coverage of ANC (ie, the Capital and Northern regions) actually had a higher proportion of women receiving lower quality of ANC. Ensuring adequate and high-quality ANC is one of the simplest and most cost-effective recommended interventions to reduce stillbirths. 20 Efforts to strengthen ANC are in progress where the Afghan government is administering a maternal and child health handbook that contains information on safe pregnancy, childbirth, and childcare to each pregnant woman and documents details of visits. It will be important to record the services received, pregnancy progress, and results from any screening tests in this handbook.
We identified several pregnancy conditions that were associated with stillbirth and are preventable. Signs of infection and antepartum bleeding were important determinants in our study and are well-established risks. Effective interventions exist for treating malaria and syphilis to reduce stillbirth, 21 and while malaria is endemic in some of the semi-arid eastern and northern provinces in Afghanistan, prevalence of syphilis and HIV in Afghanistan is generally very low and limited to high-risk groups such as injecting drug users and sex workers. 22, 23 Further research is needed to identify common infections contributing to stillbirth in this setting. educating women and family members on the urgency of care-seeking for symptoms. Headaches during pregnancy were also a strong risk factor of both stillbirth and intrapartum stillbirth and likely a sign of pre-eclampsia or pregnancy-induced hypertension, which are known risk factors for stillbirth. Ensuring that ANC includes blood pressure checks and appropriate management will be critical for reducing complications that lead to stillbirth. Reduced fetal movements have rarely been examined in low-income countries but are a known risk factor for stillbirth. 25 Of all delivery complications, reduced fetal movements were one of the strongest determinants for both stillbirth and intrapartum stillbirth in our study. It would be important to ensure women understand the need to act upon any perceived reduction or change in fetal movements and that during the intrapartum period movements are closely monitored.
Variations exist on the effect of delivery location on stillbirth with some studies showing an increase in risk, 26 while others indicate a protective effect. 3 We found facility births had increased odds of stillbirth overall, but for intrapartum stillbirth place of birth had no effect. Referral bias, delays in care-seeking, or quality of care may account for these findings. The absence of an association with intrapartum stillbirths is likely related to the quality of care or care-seeking delays. A study examining delays in care-seeking in Afghanistan showed substantial departure and decision-making delays among pregnant women with life-threatening conditions. 27 Concerns regarding quality of intrapartum care in maternity hospitals in Afghanistan have also been documented. 28 Ballard et al. 29 in
their Ethiopian study also found that women with an intrapartum emergency were twice as likely to give birth in a health facility and that facility births did not reduce stillbirth risk, suggesting the three delays were at play here.
30
We could not include mode of delivery in our multivariable analysis, but caesarean births showed a high positive association with stillbirth in the univariate results. A study of over 50 000 births in
Kabul hospitals identified high rates of stillbirth in caesareans done for obstructed labour, malpresentation, and uterine rupture, which are preventable with timely intervention. 31 We did not have data on indication for caesarean, but an assessment of 78 first-line referral facilities in Afghanistan found 88% of caesarean births were emergencies, 32 so it is likely most were unplanned. The ideal caesarean rate to observe reductions in intrapartum stillbirth is between 5%
and 10%, 33 but here we found it was under 2% and more recent national data report a rate of only 3% 16 ; therefore, improving access to caesarean would be important to prevent stillbirths in Afghanistan.
Male babies have an increased risk of stillbirth; 34 however, we only found a slightly increased risk among intrapartum stillbirths but not in the analysis of the full sample of stillbirths. This may have been affected by the skewed sex ratio among stillbirths in our sample which had almost 20% more male babies to female. This is higher than the usual 10% elevated risk of stillbirth in male babies. 34 The 2010 AMS 9 and 2015 Afghanistan DHS 16 both identified underreporting of neonatal and under-five child female deaths, as have other household surveys from Afghanistan. 35 This might suggest that under-reporting could also be a problem with female stillborn deaths and partly contributing to the overall under-estimate of the true stillbirth burden. Under-reporting of stillbirths can occur due to social, cultural, or other factors including stigma or blame towards the mother or other consequences that might preclude disclosure. 36 Further investigation into these issues is needed for Afghanistan.
| Strengths of the study
A key strength of this study is the use of a large nation-wide population sample to identify risk factors for stillbirth. In addition, this survey collected a comprehensive range of sociodemographic, maternal, and fetal characteristics; maternal complications; and health care utilisation factors for stillbirths which are not usually available in similar household surveys in LMICs.
| Limitations of the data
There are several limitations to this study that should be consid- Collecting information on pregnancy histories is challenging in low-income settings, and stillbirths are known to be under-estimated by about 30% when collected through household surveys.
5
The overall stillbirth rate of 22.5 per 1000 births in our study is but we have minimised this by using data from the VA. The reliability of using skin appearance to determine the timing of stillbirth may lead to an overestimate of intrapartum stillbirth. 38 Due to the small number of antepartum stillbirths, we were not able to model antepartum stillbirth risk factors separately to compare with the intrapartum stillbirth risk factors. Several known risk factors were not captured, and we could not adjust for them (ie, consanguinity, maternal nutrition, distance to health facility). Exposures related to the armed conflict including chemicals and radiation are known to increase the risk of stillbirth, 39 but we had no measurement of these exposures. Finally, it is possible there was under-reporting of the self-reported maternal complications due to recall bias.
| Interpretation
We provide for the first time the major risk factors associated with stillbirth in Afghanistan, where there was previously a complete absence of evidence to inform future interventions and prevention efforts. Evidence-based interventions to prevent stillbirth exist, 20 and their implementation should be a priority for Afghanistan. We outline some recommendations in Box 2. This study also demonstrates it is feasible to rapidly produce a comprehensive analysis of stillbirth determinants for other LMICs if appropriate DHS data were available. To achieve this outcome would require some modification to the standard DHS questionnaire format to include a full pregnancy history as opposed to a live birth history, 8 as well as the inclusion of stillbirth when collecting information on women's health care utilisation and maternal complications during pregnancy and childbirth.
The 2010 AMS provides a model from which future household surveys can be adapted to collect better data for stillbirth.
| CON CLUS IONS
Countries affected by conflict and instability account for the largest burden of stillbirths, 40 but strategies to improve reproductive outcomes in these areas have not received sufficient global attention and is urgently needed. Development assistance BOX 2 Recommendations for the prevention and reduction of stillbirth in Afghanistan
HEALTH SYSTEMS STRENGTHENING AND HEALTH SERVICE DELIVERY
• Improved coverage and monitoring of content of ANC for the early identification and management of high-risk pregnancies and early referral.
• The high number of intrapartum stillbirths indicates a need for improved quality and timely management of childbirth complications.
Ensuring birth attendants at all levels of the health system are adequately trained and have the skills and resources available to manage complications will be essential.
• Increasing the availability and access to timely caesarean sections for high-risk pregnancies and minimising delays at the facility level.
• The highest burden of stillbirth in the country falls in the Central Highlands and among minority ethnolinguistic groups which will require specialised attention and targeted strategies.
COMMUNITY-BASED EDUCATION AND MOBILISATION
• Improve community awareness and education on key danger signs during pregnancy and childbirth that need immediate action.
• Sensitisation of community specifically about stillbirths and their prevention will also be important but will require additional strategies to overcome barriers and delays in care-seeking.
FURTHER RESEARCH
• Identification of the leading infections that may be contributing to stillbirth in Afghanistan requires further research and understanding.
• Improved understanding of bottlenecks and barriers at the health facility level in regard to the prevention of stillbirth.
• Assessment of the quality of antenatal and intrapartum care provided at the various levels of health facilities.
• Development of strategies to strengthen referral linkages and facilitate referral and reduce care-seeking delays at the community level. Assembly will direct national attention, prioritisation, and funding towards reducing stillbirths.
COMMITMENT TO STILLBIRTH TARGETS IN NATIONAL HEALTH STRATEGIES AND POLICIES AND CONTINUED
• Future national population-based surveys should include a full pregnancy history similar to the 2010 Afghanistan Mortality Survey to ensure ongoing data availability on the key risk factors for stillbirths. This survey data will assist with tracking progress towards meeting the global target of 12 stillbirths per 1000 births by 2030 and identifying key areas of need for interventions.
